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FAST STOPPING CRITERION FOR ACTIVE
CONTOUR ALGORITHMS

RELATED APPLICATION

This application claims priority under 35 U.S.C. §119
based on U.S. Provisional Patent Application No. 61/735,
805, filed on Dec. 11, 2012, the content of which is incorpo-
rated by reference herein in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams of an overview of an
example implementation described herein;

FIG. 2 is a diagram of an example environment in which
systems and/or methods described herein may be imple-
mented;

FIG. 3 is a diagram of example components of one or more
devices of FIG. 2;

FIG. 4 is a flow chart of'an example process for segmenting
an image.

FIG. 5 is a diagram of an example data structure that stores
information associated with one or more contour vectors; and

FIGS. 6 and 7 are diagrams of example implementations
relating to the example process shown in FIG. 4.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawings. The same reference numbers in different
drawings may identify the same or similar elements.

Users of computer devices may use image segmentation to
identify one or more objects in an image (e.g., a digital image,
a picture, etc.). Image segmentation may include the process
of dividing an image into multiple regions corresponding to
one or more surfaces, objects, or natural parts of objects. To
achieve image segmentation, a user device (e.g., an image
processor) may employ a contour algorithm to generate a
contour surrounding an edge of the object. A contour may
include a line that forms a boundary (e.g., an edge) between
the object and the surrounding image. The contour algorithm
may follow a step-by-step procedure for producing the con-
tour, with each iteration (e.g., step) generating a contour that
is a better approximation of the contour of the object than the
previous contour of the previous iteration. The contour algo-
rithm may continue until the contour has converged (e.g., the
contour has settled onto the boundaries of the object). A user
device may use a stopping criterion to determine when the
contour has converged. For example, the user device may
determine that the contour has converged when the contour of
the current iteration matches the contour of the previous
iteration (e.g., when the contour has stopped evolving from
iteration to iteration).

In some implementations, the contour algorithm may
include an active contour algorithm (e.g., a sparse-field
method) that is approximate in nature. The approximate
nature of the active contour allows for faster computation of
the contour of the object. However, a contour associated with
the active contour algorithm may change slightly from itera-
tion to iteration (e.g., oscillate), even though the contour has
converged (e.g., settled onto the object boundaries). For
example, the contour in the active contour algorithm may
include a pixel (e.g., a point of color) in one iteration, but not
include the pixel in the next iteration. The active contour
algorithm may oscillate between these two states indefinitely.
Implementations described herein may allow a user device to
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determine that the contour has converged by detecting oscil-
lations in the contours of the active contour algorithm.

FIGS. 1A and 1B are diagrams of an overview of an
example implementation 100 described herein. As shown in
FIG. 1A, example implementation 100 may include an image
(e.g., an image of an airplane in the sky) and a contour
surrounding an object (e.g., the airplane) in the image. The
contour may include a curve (e.g., a line) that forms a bound-
ary (e.g., an edge) between the object (e.g., the airplane) and
the surrounding image (e.g., the sky). In some implementa-
tions, the contour may be generated by a contour algorithm.
The contour algorithm may proceed through a quantity of
iterations, and may generate a contour vector that describes
the contour associated with each iteration.

As further shown in FIG. 1A, the contour algorithm may
proceed through a quantity of iterations, starting with a first
iteration (e.g., “Iteration 1°). At each iteration, the contour
algorithm may generate a contour vector that better approxi-
mates the boundary of the object than the previous contour
vector generated during the previous iteration. After some
quantity of iterations (e.g., “Iteration 100”) the contour vector
may have converged (e.g., settled on the boundary of the
object). Although the contour vector may have converged
around the object, the contour may continue to change
slightly from iteration to iteration.

As further shown in FIG. 1A, a contour vector in one
iteration (e.g., “Iteration 101””) may include a particular pixel,
while the contour vector in the next iteration (e.g., “Iteration
102”) may not include the pixel. The contour vector in the
following iteration (e.g., “Iteration 103”) may again include
the pixel, and the contour vector in the subsequent iteration
(e.g., “Iteration 104”) may not include the pixel. When a
contour vector associated with an iteration of the contour
algorithm (e.g., “Iteration 104”’) matches a previous contour
vector associated with a previous iteration (e.g., “Iteration
102”) the contour algorithm may be described as oscillating
between contour vectors.

As shown in FIG. 1B, a user device may detect the oscil-
lating contour vectors generated by the contour algorithm.
The user device may use the detection of the oscillating
contour vectors as a stopping criterion to stop the contour
algorithm from proceeding to an additional iteration. Imple-
mentations described herein may allow a user device to deter-
mine that a contour vector has converged around the bound-
aries of an object in an image by detecting oscillations in the
contour vectors.

FIG. 2 is a diagram of an example environment 200 in
which systems and/or methods described herein may be
implemented. As shown in FIG. 2, environment 200 may
include a user device 210, a server device 220, and a network
230. Devices of environment 200 may interconnect via wired
connections, wireless connections, or a combination of wired
and wireless connections.

User device 210 may include a device capable of segment-
ing an image. For example, user device 210 may include a
computing device (e.g., a desktop computer, a laptop com-
puter, a tablet computer, a handheld computer, a server, etc.),
a mobile phone (e.g., a smart phone, a radiotelephone, etc.),
ora similar device. In some implementations, user device 210
may receive information from and/or transmit information to
server device 220 (e.g., information associated with image
segmentation).

As shown, user device 210 may include a technical com-
puting environment (TCE) 215 that allows tasks to be per-
formed (e.g., by users) related to disciplines, such as, but not
limited to, mathematics, science, engineering, medicine, and
business. TCE 215 may include a text-based environment
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(e.g., MATLAB® software), a graphically-based environ-
ment (e.g., Simulink® software, Stateflow® software, Sim-
Events® software, etc., by The MathWorks, Inc.; VisSim by
Visual Solutions; LabView® by National Instruments; etc.),
or another type of environment, such as a hybrid environment
that may include, for example, a text-based environment and
a graphically-based environment.

Server device 220 may include one or more devices
capable of receiving, storing, processing, and/or transmitting
information, such as information associated with an image
and/or image segmentation. For example, server device 220
may include a computing device, such as a server, a desktop
computer, a laptop computer, a tablet computer, a handheld
computer, or a similar device. In some implementations,
server device 220 may include a technical computing envi-
ronment, such as TCE 215. Additionally, or alternatively,
server device 220 may receive information from and/or trans-
mit information to user device 210.

Network 230 may include one or more wired and/or wire-
less networks. For example, network 230 may include a cel-
Iular network, a public land mobile network (“PLMN”), a
local area network (“LLAN”), a wide area network (“WAN™),
a metropolitan area network (“MAN”), a telephone network
(e.g., the Public Switched Telephone Network (“PSTN™)), an
ad hoc network, an intranet, the Internet, a fiber optic-based
network, and/or a combination of these or other types of
networks.

The number of devices and/or networks shown in FIG. 2 is
provided as an example. In practice, there may be additional
devices and/or networks, fewer devices and/or networks, dif-
ferent devices and/or networks, or differently arranged
devices and/or networks than those shown in FIG. 2. Further-
more, two or more devices shown in FIG. 2 may be imple-
mented within a single device, or a single device shown in
FIG. 2 may be implemented as multiple, distributed devices.
Additionally, one or more of the devices of environment 200
may perform one or more functions described as being per-
formed by another one or more devices of environment 200.

FIG. 3 is a diagram of example components of a device
300. Device 300 may correspond to user device 210 and/or
server device 220. Additionally, or alternatively, each of user
device 210 and/or server device 220 may include one or more
devices 300 and/or one or more components of device 300. As
illustrated in FIG. 3, device 300 may include a bus 310, a
processor 320, a memory 330, an input component 340, an
output component 350, and a communication interface 360.

Bus 310 may include a path that permits communication
among the components of device 300. Processor 320 may
include a processor (e.g., a central processing unit, a graphics
processing unit, an accelerated processing unit), a micropro-
cessor, and/or any processing logic (e.g., a field-program-
mable gate array (“FPGA”), an application-specific inte-
grated circuit (“ASIC”), etc.) that interprets and/or executes
instructions. Memory 330 may include a random access
memory (“RAM”), a read only memory (“ROM?”), and/or
another type of dynamic or static storage device (e.g., a flash,
magnetic, or optical memory) that stores information and/or
instructions for use by processor 320.

Input component 340 may include a component that per-
mits a user to input information to device 300 (e.g., a touch
screen display, a keyboard, a keypad, a mouse, a button, a
switch, etc.). Output component 350 may include a compo-
nent that outputs information from device 300 (e.g., a display,
a speaker, one or more light-emitting diodes (“LEDs”), etc.).

Communication interface 360 may include a transceiver-
like component, such as a transceiver and/or a separate
receiver and transmitter that enables device 300 to commu-

40

45

4

nicate with other devices, such as via a wired connection, a
wireless connection, or a combination of wired and wireless
connections. For example, a communication interface 360
may include an Ethernet interface, an optical interface, a
coaxial interface, an infrared interface, a radio frequency
(“RPF”) interface, a universal serial bus (“USB”) interface, or
the like.

Device 300 may perform various operations described
herein. Device 300 may perform these operations in response
to processor 320 executing software instructions included in
a computer-readable medium, such as memory 330. A com-
puter-readable medium may be defined as a non-transitory
memory device. A memory device may include memory
space within a single physical storage device or memory
space spread across multiple physical storage devices.

Software instructions may be read into memory 330 from
another computer-readable medium or from another device
via communication interface 360. When executed, software
instructions stored in memory 330 may cause processor 320
to perform one or more processes described herein. Addition-
ally, or alternatively, hardwired circuitry may be used in place
of or in combination with software instructions to perform
one or more processes described herein. Thus, implementa-
tions described herein are not limited to any specific combi-
nation of hardware circuitry and software.

The number of components shown in FIG. 3 is provided for
explanatory purposes. In practice, device 300 may include
additional components, fewer components, different compo-
nents, or differently arranged components than those shown
in FIG. 3.

FIG. 4 is a flow chart of an example process 400 for seg-
menting an image. In some implementations, one or more
process blocks of FIG. 4 may be performed by user device
210. Additionally, or alternatively, one or more process
blocks of FIG. 4 may be performed by another device or
group of devices separate from or including user device 210,
such as server device 220.

As shown in FIG. 4, process 400 may include determining
a contour vector used to segment an image (block 410). For
example, user device 210 may load an image from memory
and/or may receive input from a user (e.g., a user of user
device 210) to obtain an image. Additionally, or alternatively,
user device 210 may receive an image from server device 220.
User device 210 may determine a contour vector used to
segment the image.

In some implementations, user device 210 may determine
a contour vector associated with an object in the image. The
image may include a two-dimensional image (e.g., a picture,
a 2-D model, etc.), a three-dimensional image (e.g., a 3-D
model, a 3-D volume image, etc.), or the like. The object may
occupy one or more regions of the image. The object may
include a one-dimensional curve (e.g., a line), a two-dimen-
sional plane (e.g., a surface), a three-dimensional shape, and
so forth. A contour may include a shape that defines a bound-
ary (e.g., an edge, an outline, etc.) between the object and the
surrounding image. For example, the contour may include a
curve (e.g., a line) surrounding a two-dimensional object, a
surface encompassing a three-dimensional object, and so
forth.

User device 210 may determine a contour vector associated
with the object. A contour vector may include a list (e.g., an
array) of points (e.g., pixels, coordinates, etc.) that form the
contour. For example, the contour vector may include a list of
coordinates (e.g., x-y coordinates defining a two-dimensional
contour vector, X-y-z coordinates defining a three-dimen-
sional contour vector, etc.) that describe the shape of the
contour vector in a coordinate system. Additionally, or alter-
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natively, the contour vector may include a list of pixels rep-
resented on a display of a device, such as user device 210. A
pixel may include the smallest controllable element of a pic-
ture represented on a screen (e.g., a point of color, a physical
point in a raster image, etc.).

In some implementations, user device 210 may use a con-
tour algorithm to determine the contour vector. A contour
algorithm may include an iterative (e.g., step-by-step) proce-
dure for producing the contour vector surrounding an object.
Each iteration (e.g., step) of the procedure may generate a
contour vector that is a better approximation of the contour
(e.g., the boundary) surrounding the object. For example, a
first iteration may produce a first contour vector that approxi-
mates the object. A second iteration may produce a second
contour vector that better approximates the object (e.g., is
closer to the true boundary of the object). In this manner, the
contour algorithm may continue, iteration-by-iteration, until
a contour vector is generated that closely approximates the
contour (e.g., the boundary, the outline, the surface, etc.) of
the object.

The contour algorithm may continue, iteration-by-itera-
tion, until a stopping criterion is satisfied. For example, user
device 210 may stop the contour algorithm after a certain
quantity of iterations (e.g., after 200 iterations, after 1000
iterations, etc.). Additionally, or alternatively, the stopping
criterion may be based on identifying a match between a
current contour vector and a preceding contour vector. For
example, user device 210 may compare a current contour
vector (e.g., the contour vector associated with a current
iteration) with a preceding contour vector (e.g., the contour
vector associated with the preceding iteration) to determine
whether the current contour vector matches the preceding
contour vector.

In some implementations, the contour algorithm may
include an active contour algorithm. The active contour algo-
rithm may include an algorithm that guides a curve (e.g.,ona
two-dimensional image) and/or a surface (e.g., on a three-
dimensional image) through a series of iterations until the
curve and/or the surface has settled on the boundary of the
object. The curve and/or the surface may correspond to one or
more contour vectors. In some implementations, the active
contour algorithm may start with an initial contour vector
(e.g., defining a starting curve and/or a starting surface).

In some implementations, the initial contour vector may be
defined arbitrarily. For example, the initial contour vector
may be defined by user device 210. Additionally, or alterna-
tively, the initial contour vector may be defined by the contour
algorithm based on one or more qualities of the image (e.g.,
gradient, smoothness, color, contrast, etc.). For example, the
contour algorithm may generate the initial contour vector to
enclose a region of high contrast on the image. In some
implementations, the initial contour vector may be defined by
auser, such as a user of user device 210. For example, the user
of user device 210 may select the initial contour vector from
one or more possible starting contour vectors. Additionally,
or alternatively, the user of user device 210 may generate the
initial contour vector by inputting information describing the
initial contour vector into user device 210. For example, the
user of user device 210 may use an input (e.g., a computer
keyboard, a computer mouse, a touchscreen screen on a com-
puter display, etc.) to generate the initial contour vector by
tracing (e.g., enclosing) the object on the image.

In some implementations, an active contour algorithm may
act on the initial contour vector to generate a second contour
vector (e.g., generated during a second iteration) that better
approximates a boundary of the curve and/or surface than the
initial contour vector. The active contour algorithm may
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6

include a set of logical constraints that shape the contour over
a series of iterations. The active contour algorithm may then
act on the second contour vector to generate a third contour
vector (e.g., generated during the third iteration) that better
approximates the boundary of the curve and/or surface than
the second contour vector. The active contour algorithm may
continue to generate, iteration-by-iteration, a series of con-
tour vectors that better approximates the boundaries of the
object with each iteration. In this manner, the active contour
algorithm may cause the initial curve and/or the initial surface
to envelop the object and/or settle on the boundaries of the
object over a quantity of iterations.

In some implementations, the algorithm may be based on
an internal characteristic and/or an external characteristic of
the contour vector. The internal characteristic may be associ-
ated with one or more properties (e.g., curvature, smoothness,
etc.) of the contour vector. The external characteristic may be
associated with one or more properties (e.g., gradient, region
statistics, etc.) of the image. In some implementations, the
active contour algorithm may define the internal characteris-
tic and/or the external characteristic to cause the initial curve
and/or initial shape to envelop the object and/or settle on the
boundaries of the object over a series of iterations.

In some implementations, the one or more properties of the
internal characteristic and/or external characteristic may be
provided by user device 210. For example, a user of user
device 210 may input (e.g., via a keyboard, a keypad, a touch
screen, etc.), into user device 210, information defining the
one or more properties of the internal characteristic and/or the
external characteristic. For example, a user of user device 210
may select a curvature associated with the internal character-
istic and/or a gradient associated with the external character-
istic.

As further shown in FIG. 4, process 400 may include
generating a hash value based on the contour vector (block
420). For example, user device 210 may generate a hash value
associated with the contour vector. In some implementations,
user device 210 may generate the hash value by use of a hash
function (e.g., a cryptographic hash function). The hash func-
tion may include an algorithm (e.g., a subroutine, a program,
etc.) that takes input information (e.g., a sequence of charac-
ters, an array, a vector, etc.) and returns a hash value. The hash
value may include a fixed-size string (e.g., a sequence of
characters of a fixed length) that uniquely identifies the input
information. In some implementations, the hash function may
include an encryption (e.g., hashing) algorithm, such as Mes-
sage-Digest 5 (MD5), Secure Hash Algorithm (SHA)-1,
SHA-2, or the like.

In some implementations, the input information may
include a contour vector generated by the contour algorithm.
For example, user device 210 may generate a contour vector
associated with an iteration of the contour algorithm. User
device 210 may use the hash function to generate a hash value
based on a contour vector associated with the iteration. In
some implementations, the hash value may be a string of finite
length (e.g., 16 bytes, 32 bytes, etc.). Additionally, or alter-
natively, the hash value may include numbers (e.g., integers,
floating point numbers, etc.), letters, symbols, characters, or
the like.

In some implementations, user device 210 may generate
the hash value at each iteration of the contour algorithm. For
example, user device 210 may generate a first contour vector
associated with a first iteration of the contour algorithm, and
may generate a first hash value (e.g., by use of a cryptographic
hash function) based on the first contour vector. User device
210 may generate a second contour vector associated with a
second iteration of the contour algorithm, and may generate a
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second hash value based on the second contour vector. In this
manner, user device 210 may generate one or more hash
values based on one or more contour vectors.

In some implementations, user device 210 may store the
hash value in a data structure (e.g., data structure 500, FIG. 5).
For example, user device 210 may generate hash values based
on contour vectors at each iteration of the contour algorithm,
and may store the hash values in the data structure as the
contour algorithm proceeds through each iteration. Addition-
ally, or alternatively, user device 210 may store, in the data
structure, information identifying one or more hash values
after one or more iterations of the contour algorithm (e.g.,
after five iterations, after 10 iterations, etc.).

As further shown in FIG. 4, process 400 may include
comparing the hash value to previous hash values generated
based on previous contour vectors used to segment the image
(block 430). For example, user device 210 may compare the
hash value to one or more previous hash values generated
based on previous contour vectors. A previous hash value
may include one or more hash values associated with one or
more contour vectors generated during one or more previous
iterations.

In some implementations, user device 210 may determine
the quantity of previous hash values to compare to the current
hash value by use of a history length. The history length may
specify a quantity of previous iterations and/or a quantity of
previous hash values associated with the quantity of previous
iterations. For example, the history length may specify a
quantity (e.g., five) indicating that the current hash value is to
be compared to the quantity (e.g., five) of previous hash
values (e.g., the five previous hash values).

In some implementations, user device 210 may determine
avector length associated with the contour vector. The vector
length may be expressed as a single value (e.g., a number)
and/or a string of characters identifying the length of the
contour vector. For example, the vector length may include
information identifying a quantity of pixels associated with
the contour vector, a quantity of coordinates defining the
contour vector, a quantity of items in an array that represents
the contour vector, or the like. User device 210 may store the
vector length in a data structure.

In some implementations, user device 210 may compare
the vector length associated with a current contour vector
(e.g., the contour vector associated with the current iteration
of the contour algorithm) to the vector length of a previous
contour vector associated with a previous iteration. In some
implementations, if the current vector length matches a pre-
vious vector length, user device 210 may then compare the
current hash value (e.g., the hash value identifying the current
contour vector associated with the current vector length) to
the previous hash value (e.g., the hash value identifying the
previous contour vector associated with the previous vector
length). Additionally, or alternatively, if the current vector
length does not match any of the previous vector lengths, user
device 210 may continue to the next iteration of the contour
algorithm.

As further shown in FIG. 4, process 400 may include
determining whether the hash value matches a previous hash
value (block 440). In some implementations, matching hash
values in different iterations may indicate a contour vector
oscillation. The contour vector oscillation may include an
instance where a particular contour vector is associated with
two or more iterations, within a subset of iterations, of the
contour algorithm. User device 210 may detect a contour
vector oscillation by detecting a match between the contour
vectors associated with two or more iterations of the contour
vector algorithms (e.g., by detecting matching contour vector
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coordinates, matching contour vector lengths, matching hash
values, etc.). For example, user device 210 may generate the
particular contour vector in a given iteration of the contour
algorithm. Several iterations later, user device 210 may gen-
erate the same particular contour vector in a subsequent itera-
tion of the contour algorithm. The existence of the same
particular contour vector associated with two or more itera-
tions of the contour algorithm may indicate that the current
contour vector (e.g., the contour vector associated with the
current iteration of the contour algorithm) may have con-
verged (e.g., settled on the boundary between the object and
the remaining image).

In some implementations, the detection of a contour vector
oscillation may satisty a stopping criterion for the contour
algorithm. For example, user device 210 may determine that
a current hash value associated with a current contour vector
matches one or more previous hash values (e.g., detect a
contour vector oscillation), and may stop the contour algo-
rithm, allowing the current contour vector to be the final
vector that segments the image. Alternatively, user device 210
may determine that the current hash value does not match one
or more previous hash values, and may allow the contour
algorithm to continue iterating.

In some implementations, the stopping criterion may
require two or more contour vector oscillations (e.g., the
stopping criterion may require that the current hash value
match two or more previous hash values). For example, the
contour algorithm may compare the current hash value with
two or more previous hash values to determine whether the
current hash value matches two or more previous hash values.
In some implementations, the quantity of required contour
vector oscillations (e.g., a minimum quantity of oscillations)
may be input by a user, such as a user of user device 210.
Additionally, or alternatively, the minimum quantity of oscil-
lations may be determined by a business rule, an algorithm
(e.g., the contour algorithm), a device (e.g., user device 210,
server device 220, etc.), or the like. In some implementations,
user device 210 may detect contour vector oscillations using
a technique other than matching hash values and/or contour
state vectors.

In some implementations, the stopping criterion may rely
on input from a user, such as a user of user device 210. For
example, user device 210 may detect one or more contour
vector oscillations (e.g., when the hash value associated with
the current iteration matches one or more previous hash val-
ues associated with previous iterations) and may stop and/or
pause the contour algorithm. User device 210 may cause the
current contour vector to be displayed, along with the image.
Theuser (e.g., of user device 210) may determine whether the
current contour vector has converged (e.g., has settled on the
boundaries of the object in the image). In some implementa-
tions, the user (e.g., of user device 210) may indicate (e.g., via
input to user device 210, including a keyboard, a keypad, a
touchscreen, etc.) whether to continue to the next iteration of
the contour algorithm, or whether to segment the image based
on the current contour vector.

As further shown in FIG. 4, if the hash value does not match
a previous hash value (block 440—NO), then process 400
may include storing the hash value as a previous hash value
(block 450), and returning to block 410. For example, user
device 210 may store the hash value in a data structure (e.g.,
data structure 500, FIG. 5) of previous hash values. In some
implementations, user device 210 may store a finite quantity
of hash values (e.g., the five hash values associated with the
previous five iterations) in the data structure. For example,
user device 210 may add the hash value to the data structure,
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and may remove (e.g., overwrite) a hash value associated with
an iteration outside a finite iteration history length.

In some implementations, after storing the hash value, user
device 210 may begin another iteration of the contour algo-
rithm (e.g., return to block 410). Additionally, or alterna-
tively, user device 210 may stop the contour algorithm based
on a quantity of iterations completed by the contour algo-
rithm. For example, user device 210 may stop the contour
algorithms once an iteration quantity matches a maximum
quantity (e.g., 200, 1000, etc.).

In some implementations, the maximum quantity may be
defined by a user, such as a user of user device 210. For
example, the user of user device 210 may input (e.g., via a
keyboard, a keypad, a mouse, a touchscreen, etc.), into user
device 210, a quantity defining the maximum quantity of
iterations to be completed before the contour algorithm stops.
In some implementations, user device 210 may determine the
maximum quantity by a random determination, a business
rule, an algorithm (e.g., the contour algorithm), a device (e.g.,
user device 210, server device 220, etc.), or the like.

As further shown in FIG. 4, if the hash value matches a
previous hash value (block 440—YES), then process 400
may include segmenting the image based on the contour
vector (block 460). For example, after determining that the
hash value (e.g., a current hash value associated with a current
iteration) matches a previous hash value, user device 210 may
segment the image based on the current contour vector (e.g.,
the contour vector associated with the current iteration). In
some implementations, user device 210 may further process
the image based on the segmentation. Additionally, or alter-
natively, user device 210 may provide the segmented image,
and/or the object segmented by contour vector, to a user (e.g.,
a user of user device 210) by a display associated with user
device 210. For example, user device 210 may provide the
object without providing a remaining portion (e.g., a non-
object portion, or a portion of the image not occupied by the
object) of the image.

While a series of blocks has been described with regard to
FIG. 4, the blocks and/or the order of the blocks may be
modified in some implementations. Additionally, or alterna-
tively, non-dependent blocks may be performed in parallel.

FIG. 5 is a diagram of an example data structure 500 that
stores information associated with one or more contour vec-
tors. Data structure 500 may be stored in a memory device
(e.g., a RAM, a hard disk, etc.), associated with one or more
devices and/or components shown in FIGS. 2 and/or 3. For
example, data structure 500 may be stored by user device 210.

Data structure 500 may include a collection of fields, such
as iteration field 510, hash value field 520, maximum iteration
field 530, and history length field 540.

Tteration field 510 may store information that identifies an
iteration of the contour algorithm. In some implementations,
the iteration field may be expressed as one or more characters
(e.g., numbers, letters, symbols, words, etc.) used to identify
an iteration of the contour algorithm. For example, iteration
field 510 may include a quantity (e.g., a number) identifying
the iteration. In some implementations, the quantity may
correspond to the number of iterations performed by the
contour algorithm since the contour algorithm began process-
ing the image. For example, the initial iteration may be iden-
tified as “1,” the fifth iteration may be identified as “5,” the
sixth iteration may be identified as “6,” and so forth. Addi-
tionally, or alternatively, iteration field 510 may store a
unique identifier (e.g., an ID number) identifying each itera-
tion. For example, user device 210 may generate the unique
identifier as the contour algorithm proceeds, iteration-by-
iteration, through the process.
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Hash value field 520 may store information that identifies
a hash value associated with a contour vector generated dur-
ing the iteration identified in iteration field 510. For example,
user device 210 may generate a hash value for a contour
vector generated by the contour algorithm during an iteration,
and may store the hash value in hash value field 520.

In some implementations, the hash value may include a
string (e.g., a combination of letters and numbers) uniquely
identifying a contour vector. For example, the hash value
associated with the contour vector may include a combination
of numbers and/or letters of a certain length (e.g., 16 charac-
ters, 32 bytes, etc.).

Maximum iteration field 530 may store information that
identifies a maximum value associated with the iteration iden-
tified in iteration field 510. For example, user device 210 may
store a value indicating a maximum quantity of iterations. In
some implementations, maximum iteration field 530 may
indicate a stopping criterion for the contour algorithm. For
example, user device 210 may compare information identi-
fying the current iteration, as stored in iteration field 510, with
information identifying the maximum iteration, as stored in
maximum iteration field 530. When the current iteration
matches the maximum iteration, user device 210 may stop the
contour algorithm from proceeding with further iterations.

History length field 540 may store information that identi-
fies a quantity of iterations, identified in iteration field 510, to
be stored and/or searched in data structure 500. For example,
user device 210 may store information associated with a
subset of iterations identified in iteration field 510, the subset
being identified by history length field 540.

In some implementations, user device 210 may compare
the current hash value identified in hash value field 520 with
a previous quantity of hash values associated with a previous
quantity of iterations identified in iteration field 510, the
quantity of hash values being defined by information identi-
fied in history length field 540. For example, history length
field 520 may specify a certain history length (e.g., “5™), and
user device 210 may store only information associated with
iterations specified by the history length (e.g., only the pre-
vious five iterations).

In some implementations, history length field 540 may
store information that identifies a quantity of previous itera-
tions, identified in iteration field 510, to be searched in the
data structure when comparing the current hash value identi-
fied in hash value field 520 with previous hash values. For
example, user device 210 may compare the current hash
value, identified in hash value field 520 and associated with
the most recent iteration identified in iteration field 510, to a
quantity of previous hash values defined by the value identi-
fied in history length field 540 (e.g., the previous five hash
values).

Information associated with a single iteration may be rep-
resented as a row in data structure 500. For example, the fifth
row in data structure 500 may correspond to an iteration of
“146,” indicating that the information in the fifth row is asso-
ciated with the one-hundred and forty-sixth iteration of the
contour algorithm. User device 210 may use a cryptographic
hash function to calculate a hash value identifying the contour
vector generated by the one-hundred and forty-sixth iteration
of the contour algorithm. The hash value may include a
unique  combination of letters and numbers,
“A257L.K62T74P9W85” of a certain length (e.g., sixteen
characters). A maximum iteration of “200” may provide a
stopping point for the contour algorithm, indicating that the
contour algorithm should not proceed past 200 iterations. A
history length of “5” may indicate the quantity of iterations
(e.g., the previous five iterations) to be stored in data structure
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500. Additionally, or alternatively, the history length of “5”
may indicate the quantity of previous hash values to which to
compare the current hash value.

In the current example, user device 210 may compare the
current hash value of “A2571L.K62T74P9W85” with the pre-
vious five hash values. User device 210 may detect that the
current hash value of “A257L.K62T74P9W85” is an exact
match with the hash value associated with iteration “142.” as
shown in the first row of data structure 500. The matching
hash values may indicate that the contour vector associated
with iteration “146” is the same contour vector associated
with iteration “142.” The matching contour vectors (e.g.,
oscillating contour vectors) may indicate that the matching
contour vectors have converged over the object (e.g., best
identified the boundaries ofthe object) inthe image. Based on
detecting the match, user device 210 may stop the contour
algorithm from completing any additional iterations.

Data structure 500 includes fields 510-540 for explanatory
purposes. In practice, data structure 500 may include addi-
tional fields, fewer fields, different fields, or differently
arranged fields than those illustrated in FIG. 5 and/or
described herein with respect to data structure 500. Further-
more, while data structure 500 is represented as a table with
rows and columns, in practice, data structure 500 may include
any type of data structure, such as a linked list, a tree, a hash
table, a database, or any other type of data structure. In some
implementations, data structure 500 may include information
generated by a device and/or component. Additionally, or
alternatively, data structure 500 may include information pro-
vided from another source, such as information provided by a
user, and/or information automatically provided by a device.

FIG. 6 is a diagram of an example implementation 600
relating to example process 400 (FIG. 4). In example imple-
mentation 600, user device 210 may use a contour algorithm
to segment an image over a series of iterations. For each
iteration, user device 210 may use the contour algorithm to
generate a contour vector, and may calculate a hash value
based on the contour vector. User device 210 may compare a
current hash value, associated with a most recent iteration,
with one or more previous hash values associated with one or
more previous iterations. When the current hash value
matches a previous hash value, user device 210 may stop the
contour algorithm.

As shown by reference number 610, the contour algorithm
may segment an image that includes an object. The contour
algorithm may include an active contour algorithm. The
active contour algorithm may guide a curve through a series
of'iterations until the curve has settled on the boundary of the
object. The active contour algorithm may start with a first
iteration (e.g., “Iteration 1”). The first iteration may include
an arbitrary contour vector (e.g., “Contour Vector 1) associ-
ated with the image, as shown by reference number 620.

As shown by reference number 630, user device 210 may
calculate a hash value (e.g., “Hash Value 1) based on the
contour vector (e.g., “Contour Vector 1”°) generated during
the first iteration (e.g., “Iteration 1”). The hash value may
include a finite quantity of characters (e.g., “6UY4B1”).

As further shown by FIG. 6, the active contour algorithm
may proceed through a quantity of iterations (e.g., “N” itera-
tions). During each iteration, the active contour algorithm
may generate a contour vector, and user device 210 may
generate a hash value based on the contour vector. For
example, the second iteration (e.g., “Iteration 2”) may be
associated with a particular contour vector (e.g., “Contour
Vector 2”°) and an associated hash value (e.g., “Hash Value 2”)
including a unique identifier (e.g., “S9K6SX™). The third
iteration (e.g., “Iteration 3”") may be associated with a par-
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ticular contour vector (e.g., “Contour Vector 3”°) and an asso-
ciated hash value (e.g., “Hash Value 3”) including a unique
identifier (e.g., “48J3D2”). In this manner, the active contour
algorithm may proceed through a quantity (e.g., “N”) of
iterations, until a current iteration (e.g., “Iteration N”°) asso-
ciated with particular a contour vector (e.g., “Contour Vector
N”) and an associated hash value (e.g., “Hash Value N”)
occurs.

In some implementations, user device 210 may store infor-
mation associated with each iteration (e.g., information iden-
tifying an iteration number, information identifying a hash
value associated with each iteration, etc.) in a data structure
(e.g., data structure 500, FIG. 5). Additionally, or alterna-
tively, user device 210 may store only a subset of information
associated with each iteration, such as information associated
with the five most recent iterations.

In some implementations, as the active contour algorithm
proceeds, iteration-by-iteration, user device 210 may com-
pare the current hash value (e.g., “Hash Value N”) with a
quantity of previous hash values associated with previous
iterations. If there is no match between the current hash value
and a previous hash value, the active contour algorithm may
proceed to the next iteration.

As shown by reference number 640, the current hash value
(e.g., “FO7QO0A”) associated with the current iteration (e.g.,
“Iteration N”’) may match a previous hash value (e.g., “Hash
Value N-2”) associated with a previous iteration (e.g., “Itera-
tion N-27). When user device 210 compares the current hash
value (e.g., “Hash Value N”’) with the previous hash values
(e.g., “Hash Value N-1,” “Hash Value N-2,” etc.), user device
210 may detect a match between the current hash value and a
previous hash value (e.g., “Hash Value N-2”). The match may
indicate that both iterations are associated with the same hash
value, “FO7QO0A.” This match may indicate that the two con-
tour vectors (e.g., “Contour Vector N-2” and “Contour Vector
N), associated with the matching hash values, are identical.
Based on this detection, user device 210 may stop the contour
algorithm from performing additional iterations. The current
contour vector may be the final contour vector used by user
device 210 to segment the image.

FIG. 7 is a diagram of another example implementation
700 relating to example process 400 (FIG. 4). In example
implementation 700, user device 210 may divide an image
into two or more image regions (e.g., subsections). User
device 210 may perform image segmentation on the two or
more image regions simultaneously (e.g., in parallel). User
device 210 may join the image regions to form the image,
with a converged contour vector.

As shown in FIG. 7, user device 210 may receive an image,
and may divide the image into two or more image regions.
The image may be divided into any number of image regions
based on one or more attributes associated with the image, the
object, and/or the image regions. The one or more attributes
may include image size, object size, image shape, object
shape, number of regions, or the like. As shown in FIG. 7, the
image (e.g., an image of an airplane) may be divided into four
image regions (e.g., image quadrants). User device 210 may
use a contour algorithm to segment the image regions.

In some implementations, user device 210 may use a sepa-
rate contour algorithm on each image region. For each region,
the contour algorithm may proceed through a quantity of
iterations. At each iteration, the contour algorithm may gen-
erate a contour vector associated with the iteration, and user
device 210 may determine a hash value based on the contour
vector associated with the iteration. User device 210 may
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store a quantity of most recent hash values (e.g., the five hash
values associated with the previous five iterations) in a data
structure.

In some implementations, user device 210 may store the
quantity of recent hash values associated with each image
region in the data structure. For example, user device 210 may
divide the image into four image regions (e.g., image quad-
rants). User device 210 may maintain four sets of recent hash
values, with each set of recent hash values associated with
each of the four image regions. Additionally, or alternatively,
user device 210 may generate a single hash value (e.g., by use
of'a cryptographic hash function) representing two or more of
the hash values associated with two or more of the image
regions for a given iteration of the contour algorithm.

As the contour algorithm proceeds through each iteration,
user device 210 may compare the current hash value associ-
ated with the current iteration to previous hash values asso-
ciated with previous iterations. If user device 210 detects that
the current hash value, for a particular region, matches a
previous hash value, the contour algorithm may stop. In some
implementations, when the contour algorithm associated
with each image region has stopped, user device 210 may
combine the contour vectors associated with each image
region into one contour vector (e.g., a converged contour
vector) associated with the entire image (e.g., the segmented
image).

In some implementations, the contour algorithm segment-
ing two or more regions of the image may be processed in
parallel. Parallel processing may include the simultaneous
use of two or more processors (e.g., twWo or more processors
320) to segment the two or more image regions. For example,
a first contour algorithm may segment a first image region
while a second contour algorithm may segment a second
image region. After the first contour algorithm and the second
contour algorithm have completed the process of segmenting
the first image region and the second image region (e.g., the
contour algorithms have stopped), a processor may combine
the first image region and the second image region into a final
segmented image.

Implementations described herein may determine that a
contour vector has converged around the boundaries of an
object in an image by detecting matching hash values (e.g.,
oscillations in the contour vectors) associated with the con-
tour vectors generated during multiple iterations of a contour
algorithm. Use of the hash values (e.g., computationally
small, fixed length identifiers) to represent the contour vec-
tors (e.g., computationally large, variable length vectors) may
provide for more efficient (e.g., computationally efficient)
calculation of the contour algorithm. Additionally, use of
contour vector oscillations to provide a stopping criterion of
the contour algorithm may provide for faster image segmen-
tation.

The foregoing disclosure provides illustration and descrip-
tion, but is not intended to be exhaustive or to limit the
implementations to the precise form disclosed. Modifications
and variations are possible in light of the above disclosure or
may be acquired from practice of the implementations.

As used herein, the term “component” is intended to be
broadly construed as hardware, firmware, or a combination of
hardware and software.

Some implementations are described herein with respect to
images. As used herein, an image may include a two-dimen-
sional image (e.g., a plane, a surface, an area, etc.) and/or a
three-dimensional image (e.g., a shape, a volume, etc.). Addi-
tionally, or alternatively, an image may include a surface in
any dimension (e.g., an N-sphere, a hypersphere, etc.). Addi-
tionally, or alternative, an object included in an image, and/or
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a contour vector describing a boundary between an object and
an image, may include objects and/or contour vectors in any
dimension.

It will be apparent that systems and/or methods, as
described herein, may be implemented in many different
forms of software, firmware, and hardware in the implemen-
tations illustrated in the figures. The actual software code or
specialized control hardware used to implement these sys-
tems and/or methods is not limiting of the implementations.
Thus, the operation and behavior of the systems and/or meth-
ods were described without reference to the specific software
code—it being understood that software and hardware can be
designed to implement the systems and/or methods based on
the description herein.

Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,
these combinations are not intended to limit the disclosure of
possible implementations. In fact, many of these features may
be combined in ways not specifically recited in the claims
and/or disclosed in the specification. Although each depen-
dent claim listed below may directly depend on only one
claim, the disclosure of possible implementations includes
each dependent claim in combination with every other claim
in the claim set.

No element, act, or instruction used herein should be con-
strued as critical or essential unless explicitly described as
such. Also, as used herein, the articles “a” and “an” are
intended to include one or more times, and may be used
interchangeably with “one or more.” Where only one item is
intended, the term “one” or similar language is used. Further,
the phrase “based on” is intended to mean “based, at least in
part, on” unless explicitly stated otherwise.

What is claimed is:

1. A device, comprising:

one or more processors, in communication with a memory,

to:
determine, based on a first iteration of applying an algo-
rithm that is applicable iteratively in three or more itera-
tions, a first representation of a contour that delineates a
region of an image from another region of the image;

generate a first hash value, corresponding to the first rep-
resentation, by applying a first hash function to the first
representation;
determine that an oscillation of representations of the con-
tour occurs by comparing the first hash value and a
second hash value that corresponds to a second repre-
sentation of the contour, the second representation of the
contour being determined based on a second iteration of
the algorithm applied before the first iteration and before
a third iteration of the algorithm that occurs between the
second iteration and the first iteration, the second hash
value being generated by applying a second hash func-
tion to the second representation of the contour; and

determine, based on determining that the oscillation of the
representations occurs, that the representations of the
contour have converged around the contour.

2. The device of claim 1, where the one or more processors,
when determining that the oscillation occurs, are further to:

determine a first vector length associated with the first

representation;

determine a second vector length associated with the sec-

ond representation;

determine that the first vector length matches the second

vector length;

compare the first hash value and the second hash value

based on determining that the first vector length matches
the second vector length; and
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determine that the oscillation occurs based on comparing

the first hash value and the second hash value.

3. The device of claim 1, where the one or more processors,
when determining that the oscillation occurs, are further to:

receive an indication of a quantity of hash values to which

the first hash value is to be compared;

determine a plurality of hash values, including the second

hash value, based on the quantity;

compare the first hash value and the plurality of hash val-

ues; and

determine that the oscillation occurs based on comparing

the first hash value and the plurality of hash values.

4. The device of claim 1, where the one or more processors
are further to:

provide, viaa user interface, a representation of the contour

and at least a portion of the image;

receive, via the user interface, user input indicating that the

contour delineates the region from the other region; and
segment the image based on receiving the user input.
5. A non-transitory computer-readable medium storing
instructions, the instructions comprising:
a plurality of instructions that, when executed by one or
more processors, cause the one or more processors to:

determine, based on a first iteration of applying an algo-
rithm that is applicable iteratively in three or more itera-
tions, a first representation of a contour that delineates a
region of an image from another region of the image;

generate a first hash value, corresponding to the first rep-
resentation, by applying a hash function to the first rep-
resentation of the contour;

determine that an oscillation of representations of the con-

tour occurs by comparing the first hash value and a
second hash value, the second hash value corresponding
to a second representation of the contour, the second
representation of the contour being determined based on
a second iteration of the algorithm applied before the
first iteration and before a third iteration of the algorithm
that occurs between the second iteration and the first
iteration, the second hash value being generated by
applying the hash function to the second representation
of the contour; and

determine, based on determining that the oscillation of the

representations occurs, that the representations of the
contour have converged around the contour.

6. The non-transitory computer-readable medium of claim
5, where one or more instructions, of the plurality of instruc-
tions, further cause the one or more processors to:

terminate the algorithm based on determining that the rep-

resentations of the contour have converged around the
contour; and

segment the image based on terminating the algorithm.

7. The non-transitory computer-readable medium of claim
55

where the first representation and the second representa-

tion are different lengths; and

where the first hash value and the second hash value are a

same length.

8. A method, comprising:

determining, based on a first iteration of applying an algo-

rithm that is applicable iteratively in three or more itera-
tions, a first representation of a contour that delineates a
region of an image from another region of the image, the
determining the first representation being performed by
a device;
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generating a first hash value, corresponding to the first
representation, by applying a hash function to the first
representation, the generating being performed by the
device;

determining that an oscillation of representations of the

contour occurs by comparing the first hash value and a
second hash value that corresponds to a second repre-
sentation of the contour, the second representation of the
contour being determined based on a second iteration of
the algorithm applied before the first iteration and before
a third iteration of the algorithm that occurs between the
second iteration and the first iteration, the second hash
value being generated by applying the hash function to
the second representation of the contour, the determin-
ing that the oscillation occurs being performed by the
device; and

determining, based on determining that the oscillation of

the representations occurs, that the representations of
the contour have converged around the contour, the
determining that the representations have converged
around the contour being performed by the device.

9. The method of claim 8, where the image includes at least
one of:

a two-dimensional image,

a two-dimensional model,

a three-dimensional image, or

a three-dimensional model.

10. The device of claim 1, where the first representation
represents a first approximation of the contour of the region,

the first approximation being determined based on the first

iteration of the algorithm; and

where the second representation represents a second

approximation of the contour of the region,

the second approximation being determined based on the

second iteration of the algorithm.

11. The device of claim 1, where the first hash function and
the second hash function are a same hash function.

12. The device of claim 1, where the first representation
includes a first contour vector and the second representation
includes a second contour vector.

13. The non-transitory computer-readable medium of
claim 5, where the algorithm is an iterative contour algorithm.

14. The non-transitory computer-readable medium of
claim 5, where the first representation includes a first contour
vector; and

where the second representation includes a second contour

vector.

15. The non-transitory computer-readable medium of
claim 5, where the first representation and the second repre-
sentation approximate the contour of the region.

16. The non-transitory computer-readable medium of
claim 5, where one or more instructions, of the plurality of
instructions, that cause the one or more processors to deter-
mine that the representations have converged, further cause
the one or more processors to:

determine that the first representation of the contour and

the second representation of the contour have.

17. The non-transitory computer-readable medium of
claim 5, where one or more instructions, of the plurality of
instructions, that cause the one or more processors to deter-
mine that the oscillation occurs, further cause the one or more
processors to:

determine that the algorithm is oscillating among a plural-

ity of representations of the contour,
the plurality of representations including at least the first
representation and the second representation.
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18. The method of claim 8, where determining that the
representations of the contour have converged comprises:

determining that the first hash value and the second hash

value are a same value; and

determining that the representations of the contour have

converged around the contour based on determining that
the first hash value and the second hash value are the
same value.

19. The method of claim 8, where determining that the
oscillation occurs comprises:

determining that the algorithm is oscillating between the

first representation and the second representation.

20. The method of claim 8, where the first representation
includes a first contour vector and the second representation
includes a second contour vector; and

where the algorithm includes an iterative contour algo-

rithm.

10

15

18



